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Claims 

1. A process for the production of a functional protein material characterized by mixing at 
least 2 kinds of proteins, water and cross-linking agent to carry out cross-linking and 
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subsequently, allowing the prepared cross-linked product of the proteins to react with at least one 
kind of compound selected from alkylation agents, SchifPs reagents and acids. 

2. The process for the production of a functional protein material of Claim 1, wherein the 
protein is a protein or peptide having a free amino group. 

3. The process for the production of a functional protein material of Claim 2, wherein the 
protein or peptide having a free amino acid is at least one kind of substance selected from egg 
white protein of chicken, quail, duck or goose, whey protein, serum albumin and casein. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention pertains to a process for the production of a functional protein material. In 
particular, it pertains to a process for the production of a functional protein material soluble in an 
organic solvent. 

[0002] 

Prior art and problems 

In order to improve skin touch feel, moisture release and absorption balance, heat 
retention, etc., of synthetic fibers there have been attempts to add proteins to synthetic fibers. 

[0003] 

For example, Japanese Patent Kokai Application No. Hei 1[1989]-293143 discloses a 
fiber of a synthetic resin with dispersed gelatin and silk micropowder, but because of particle size 
variations of the micropowders used, it is not uniformly dispersed in the resin, and a synthetic 
fiber prepared from this synthetic resin is not necessarily satisfactory with respect to skin touch, 
moisture absorption and release balance, heat retention, etc. In addition, there are very difficult 
handling problems with gelatin and silk micropowders such as complex pulverization 
procedures, scattering and flying of pulverized particles, etc. 

[0004] 

Preferable results to improve the dispersibility of proteins in resins are apparently 
obtainable by using a protein which can be dissolved in an organic solvent which also can 
dissolve the resin used. 
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[0005] 

As a protein soluble in an organic solvent, for example, a simple protein called prolamin 
has been known, but it is only soluble in 60-90% ethanol (that is, aqueous organic solvent), but it 
is insoluble in ethanol of 90% or higher purity or in other organic solvents, and consequently, its 
practical application is difficult. 

[0006] 

Furthermore, Japanese Kokai Patent Application No. Sho 52[1977]-25800 discloses that 
a modified protein prepared by carrying out hydrolysis of an adduct of a protein and isocyanate 
compound in the presence of an organic solvent or aqueous organic solvent is soluble in 
dimethylsulfoxide (DMSO), dimethylacetamide (DMA), etc. However, such a protein is a 
so-called denatured protein with a low molecular weight and a side chain having amide bonding 
and urethane bonding severed, showing infrared absorption 1740 cm" 1 and 1222 cm' 1 , and only 
side chain having urea bonding remaining, and consequently, there is a risk of the protein 
function being reduced. In addition, the solubility of such a modified protein in an organic 
solvent is not necessarily sufficient. 

[0007] 

Problems to be solved by the invention 

The inventors of this invention studied diligently by considering the current situation of 
the prior art as described above, and as a result they found that a protein material soluble in an 
organic solvent could be prepared by forming a cross-linked polymer of the raw material protein 
by using a specific cross-linking agent such as diisocyanate, etc., and they previously applied for 
a patent (Japanese Patent Application No. Hei 4[1992]-53466). 

[0008] 

The protein material of the invention of the above patent application has a practically 
satisfactory solubility in an organic solvent, but if it is possible to improve its solubility further 
or add functions other than dissolution in an organic solvent to the material, the practical 
application range of this material is expected to be expanded. 

0009 

Means to solve the problems 

The inventors assiduously researched to discover an organic solvent-soluble protein 
material, as a result, they found that an organic solvent-soluble protein material prepared by 
using 2 or more kinds of proteins as the raw material protein and carrying out the method 
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described above to form a cross-linked polymer showed improved functions (such as solubility in 
an organic solvent and adsorption explained later) as well as improved yield of the material, and 
they arrived at the present invention. 

[0010] 

Specifically, this invention pertains to a process for the production of a functional protein 
material characterized by mixing at least 2 kinds of proteins, water and cross-linking agent to 
carry out cross-linking and subsequently, allowing the cross-linked product of the proteins 
prepared to react with at least one kind of compound selected from alkylation agent, Setoffs 
reagent and acid. 

[0011] 

To produce the functional protein material of this invention (called "material of this 
invention" below), two or more kinds of proteins are mixed (preferably vigorously) with water 
and a cross-linking agent first. As a result, the addition polymerization of the cross-linking agent 
to the proteins is carried out giving cross-linked proteins, In this case, the proteins and water may 
be mixed in advance to obtain an aqueous solution of proteins, to which the cross-linking agent 
may be added. Furthermore, the cross-linking agent may be dissolved in an organic solvent, and 
this solution, proteins and water may be mixed. In this case, the reaction mixture after mixing 
separates to aqueous and oil phases, and the cross-linked proteins are mostly found in the , 
aqueous phase. 

[0012] 

The proteins usable in this invention are not especially restricted, but among those 
proteins, proteins and peptides having free amino groups are preferable. For example, there are 
egg white protein of chicken, quail, duck, goose, etc., whey protein, blood serum protein (serum 
albumin, etc.), casein, gelatin, etc., and at least 2 kinds of proteins may be selected from them. 
The amount of proteins to be used (total amount of 2 or more kinds of proteins) is not especially 
restricted, and it is suitably selectable from a wide range, but the proteins are preferably used so 
that the protein concentration is generally in the range of about 1-5 wt%. The proportion of 2 or 
more kinds of proteins is not especially restricted, and it is suitably selected depending on the 
function of the material to be prepared, application purpose, etc., but, for example, in the case of 
egg white and gelatin concomitantly used to obtain a material having excellent substance- 
adsorption property, the amount of gelatin is in the range of 1-30 wt%, preferably 5-15 wt% to 
the total amount (total amount of proteins used). 
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[0013] 

The cross-linking agent allowed to react with proteins is not especially restricted as long 
as it enables proteins to be cross-linked through chemical bonds such as urea bonding, urethane 
bonding, acid amide bonding, etc., by carrying the reaction with free amino and alcoholic 
hydroxyl groups between proteins and can control the degree of hydrophobicity of proteins, but 
the use of, for example, diisocyanate, dialdehyde, diketone compounds, etc., is preferable. 
Among these compounds, the use of diisocyanate compounds is optimal because of rich 
reactivity. As a diisocyanate compound, those previously known compounds are usable, and 
there are, for example, those compounds having 2 or more isocyanate groups per molecule such 
as toluene diisocyanate (TDI), diphenylmethane diisocyanulate (MDI), hexamethylene 
diisocyanate (HDI), isophorone diisocyanate (IPD), naphthalene diisocyanate (NDI), etc. The 
amount of this cross-linking agent to be used is not especially restricted, but in general, the 
amount (number of moles) of the cross-linking agent to be used is determined depending on the 
number of total moles of amino and alcoholic hydroxyl groups calculated from the primary 
structures of proteins. 

[0014] 

As an organic solvent if the cross-linking agent is used after dissolving in an organic 
solvent first, there are known organic solvents enabling interfacial addition polymerization of the 
cross-linking agent and proteins, and specific examples include chloroform, hexane, toluene, etc. 

[0015] 

The reaction between the cross-linking agent and proteins is generally carried out by 
mixing the cross-linking agent, proteins and water. The reaction conditions to be employed in 
this case are not especially limited as long as the cross-linking reactions of the proteins can be 
carried out, but in general, the reaction is carried out at a room temperature for 1 hour or longer. 

[0016] 

The cross-linked products of the proteins prepared by the above reaction are isolated from 
the reaction mixture by using conventional isolation and purification procedures and used for the 
subsequent reaction. Alternatively, the reaction mixture containing the cross-linked products may 
be used as is for the subsequent reaction. 
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[0017] 

The cross-linked product of the proteins is allowed to react with at least one kind of 
compound selected from alkylation agents, Schiff s reagents and acids to obtain the material of 
this invention. 

[0018] 

The case of adding an alkylation agent is explained below. By adding an alkylation agent, 
the residual amino, phenolic hydroxyl and carboxyl groups in the cross-linked product of 
proteins are alkylated (modified) to obtain the desired material of this invention in a gel state. As 
an alkylation agent, any of those previously known alkylation agents may be used, and specific 
examples include dialkylsulfuric acids such as diemthylsulfuric acid, etc., alkyl sulfate, alkyl 
halide, alkyl sulfonate, etc. Incidentally, if dialkylsulfuric acid, alkyl sulfate, etc., are used, there 
are effects as a pH adjuster in addition to those as an alkylation agent. The amount of the 
alkylation agent to be added is suitably selected depending on the extent of the above cross- 
linking agent, etc., but in general, the amount (number of moles) of the cross-linking agent [sic] 
to be used is determined depending on the number of total moles of carboxyl and phenolic 
hydroxyl groups calculated from the primary structures of proteins. The gel prepared is usable as 
is, or alternatively, water is removed by using a conventional method such as centrifugation, 
filtration, etc., and after washing with water, if necessary, it is dried by using a vacuum belt 
dryer, freeze-drying machine, etc., to obtain a powder product. 

[0019] 

The reaction with a Schiff s reagent is explained as follows. The Schiff s reagent can 
modify amino groups by carrying out Schiff s reaction with the residual amino groups of the 
cross-linked product of proteins. As a result of the addition of this Schiff s reagent, the material 
of this invention is obtained in its gel state as in the case of the addition of an alkylation agent. 
As a Schiff s reagent, previously known compounds such as aldehydes, etc., are usable. The gel 
prepared is isolated and dried as described above. 

[0020] 

Furthermore, the addition of an acid is explained as follows. The acid is added to the 
aqueous phase to adjust the pH of the phase below the isoelectric point of the raw material 
protein. As a result , the material of this invention soluble in a n organic solvent but insoluble in 
water is precipitated. The precipitates obtained are made into a powder by using the same 
isolation and drying procedures as those described above. As an acid, any of the known acids are 
usable, and specific examples include hydrochloric acid, citric acid, succinic acid, acetic acid, 
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lactic acid, tartaric acid, fumaric acid, malic acid, adipic acid, gluconodeltalactone, gluconic acid, 
ascorbic acid, levulinic acid, phthalic acid, etc. Incidentally, if the cross-linking is insufficient or 
the hydrophobic property is poor, precipitates are formed by lowering the pH with the acid, but 
there is a risk of the material of this invention not being formed. Therefore, if an acid alone is 
used, the amount of the cross-linking agent used in the prior stage is increased to 2 times or 
more, preferably 2-3 times the conventional amount. 

[0021] 

Those alkylation agents, Schiff s reagents and acids may be used alone or as a mixture of 
2 or 3 kinds. 

[0022] 

In this invention, the proteins may, for example, be pretreated before carrying out the 
reactions between these proteins and a cross-linking agent for the purpose of carrying out the 
reactions such as cross-linking reaction, etc., advantageously, increasing the rate of reaction or 
improving the yield of the reaction or the performance of the material of this invention. 

[0023] 

The method for the above pretreatment usable in this invention for those proteins is not 
especially restricted, for example, there are treatments such as dilution, electrodialysis, heating, 
pH adjustment, centrifugation, filtration, etc., which may be carried out alone or in combination 
of 2 or more kinds. Specific examples are found in the Japanese Patent Application Nos. Hei 
2[1990]-418876, Hei 4[1992]-53466, etc. 

[0024] 

The dilution is mostly carried out by using water. For example, in the case of egg white 
protein, the rate of dilution is generally 2 times or more, preferably 2-5 times and optimally 2-3 
times. As specific examples of water to be used for this dilution, there are deionized water, 
distilled water, purified water, tap water, etc. 

[0025] 

The electrodialysis is carried out to lower the ion concentration of the proteins or diluted 
solution, and it is carried out using conventional procedures. Incidentally, prior to this 
electrodialysis, the pH of the proteins or their diluted solution is preferably adjusted. In this case, 
the pH of the proteins or their diluted solution is in the range of acidic to neutral (generally pH 5- 
8, preferably pH 6-7). This pH adjustment is carried out by using an acid. The acid usable in this 
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case is not especially limited, but is suitably one capable of becoming an agent providing food 
additives with an acidic taste. Specifically, there are, for example, citric acid, succinic acid, 
acetic acid, lactic acid, tartaric acid, fumaric acid, malic acid, adipic acid, gluconodeltalactone, 
gluconic acid, ascorbic acid, hydrochloric acid, etc. 

[0026] 

The heating conditions are not especially restricted, but it is generally carried out at a 
temperature above about 75°C for about 30 min or longer. Incidentally, the pH of egg white or its 
diluted solution is preferably in a basic range (generally pH 8 or higher, preferably 9 or higher). 
Therefore, if the pH is lower than this range, especially in the case of acidic or neutral range pH 
after carrying out electrodialysis, a suitable base may be used to adjust the pH to the above range. 
Any of those previously known bases is usable for this, and specifically, there are, for example, 
sodium hydroxide, calcium carbonate, ammonium carbonate, sodium carbonate, ammonium 
hydrogen carbonate, potassium carbonate, sodium hydrogen carbonate, magnesium carbonate, 
polyphosphoric acid, etc. 

[0027] 

If any aggregates or precipitates are formed in the above treatments such as dilution, 
electrodialysis, heating, etc., they are preferably removed by using a conventional separation 
means such as filtration or centrifugation. 

[0028] 

Furthermore, when the reaction of proteins and a cross-linking agent is carried out, the 
pH is desirably in a basic range (generally pH 8 or higher, preferably in the range of 10-12). 
Therefore, if the pH is lower than this range, the pH is preferably adjusted by using a suitable 
base. 

[0029] 

Furthermore, prior to carrying out the reaction of the cross-linked protein product with an 
alkylation agent, Schiffs reagent or acid, the pH adjustment may be carried out. 

[0030] 

An example of the preferred embodiment of this invention to obtain the material of this 
invention is mentioned as follows. 
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[0031] 

(a) The pH of egg white or its diluted aqueous solution (egg white concentration of about 
1-5 wt%) is adjusted in an acidic or neutral range, the ionic strength is reduced by carrying out 
electrodialysis, the pH of the solution obtained is raised above 9.0 and subsequently heated. 

[0032] 

(b) To the heated aqueous solution of egg white, other proteins are added and mixed to 
obtain an aqueous protein solution mixture. 

[0033] 

(c) The pH of the heated aqueous protein solution mixture is adjusted in a basic range 
(e.g.,pH 10-12). 

[0034] 

(d) The aqueous protein solution mixture after pH adjustment is mixed with an organic 
solvent solution of a cross-linking agent, the mixture is shaken vigorously, and subsequently it is 
allowed to stand for separation into aqueous and oil phases. 

[0035] 

(e) The aqueous phase (generally pH 6.5-9) is isolated, and its pH is adjusted to a basic 
range (such as pH 12). 

[0036] 

(f) Furthermore, an alkylation agent is added wile stirring, the gel precipitated is isolated 
by centrifiigation, washed with water and freeze-dried. 

[0037] 

The material of this invention prepared as described above has been confirmed to be a 
protein as a result of amino acid analysis. One of the most significant characteristics of this 
invention is found in a point that the material of this invention is soluble in organic solvents such 
as dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimethylacetamide (DMA), phenol, 
formic acid, etc., in spite of being a protein and insoluble in water. However, if the materadof 
this invention is dispersed in water, and the pH is changed to a basic range (above about 6)^it is^ 
changed to become insoluble in an o rganic solvent and solubl e in water. Ifjh e pH of the aqueous 
solution is adjusted below the isoelectric point of the material of this invention, it is changed to a 
material soluble in an organic solvent and insoluble in water. The changes are reversible many 
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times by the above pH adjus tment. Furthermore, the material of this invention also has an 
excellent ability fors ubstance adsorption. 



[0038] 

Effect of the invention 

(1) According to this invention, the concomitant use of two or more kinds of proteins 
enables improvement in the function of the prepared organic solvent-soluble material of this 
invention in the yield of the material of this invention. For example, if gelatin and egg white are 
concomitantly used, the prepared material of this invention is provided with a protective 
colloidal property of gelatin, and at the same time, the yield is drastically improved from that 
with egg white used alone. 

[0039] 

(2) This invention provides a protein material having a solubility in an organic solvent 
better than that described in the Japanese Kokai Patent Application No. Hei 4[1992]-53466. If 
the material and a synthetic resin are dissolved in an organic solvent, and the solvent is removed, 
the material is dispersed uniformly throughout the resin, and thus, it provides an excellent protein 
function far better than mixing the resin with protein micropowder. 

[0040] 

(3) The material of this invention also has an excellent ability for adsorption and at the 
same time, characteristics of reversible physical properties depending on pH changes. T his 
property may be utilized to use the m ateria l of this invention as an adsorb ent. The adsorption- 
desorption properties allow applications such as isolation of substances causing coloration, 
contamination, etc., and recovery of useful substances from waste water, ultraviolet absorbents in 
fibers, cosmetics, etc., after adsorption of titanium dioxide or zirconium oxide, etc. 

[0041] 

(4) The material of this invention is soluble in an organic solvent enabling it to be 
dispersed uniformly in plastic films, sheets, tubes, etc., providing plastics with a new function. ( 



[0042] 

For example, if the material of this invention is applied to a synthetic fiber for fabrics, it 
provides the fiber with a skin touch feel which is less sticky than the fiber prepared from the 
plastics alone, similar to natural fibers, and excellent performance with balanced moisture 
absorption and release as well as good heat retention and minimal dew formation is exhibited. 
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[0043] 

Furthermore, porous rubbers such as latex vulcanized for solidification or urethane foam 
have been used to prepare a cosmetic puff, but those previous products have been unsatisfactory 
with respect to moist feel on the surface, skin touch feel, etc. If the material of this invention 
dissolved in an organic solvent is added at the time of urethane foam preparation, it is possible to 
prepare a sponge (puff) having a moist feel and smooth skin touch feel similar to those of silk. 
Incidentally, the production of urethane foam is carried out by using the same procedures as 
those used previously, and the amount of the material of this invention to be added is suitably 
selected depending on the purpose of application, etc., of the sponge to be prepared. 

[0044] 

(5) The material of this invention shows a performance attributable to functional groups 
such as carboxyl groups, etc., in the molecule, and consequently, it is applicable to various 
application fields. For example, the material of this invention having surfactant effects is 
applicable as a surfactant, fiber additive, antistatic agent, dye fixing agent, mordanting aid, etc. 
Furthermore, those esters of the material of this invention (its carboxyl group) with ascorbic 
acid, pantothenic acid, etc., are usable as a cosmetic raw material. The material of this invention 
is also usable as a raw material for chelating age nts for capturing metal ions. 



[0045] 

In addition, the material of this invention is applicable to various application fields such 
as ink-jet recording paper, artificial skin, artificial organs, artificial leather, fixer for analytical 
and physicochemical tests, coating material for agrichemicals and fertilizers, L-B film- forming 
biosensors, artificial functional membranes (such as artificial cell membrane, etc.), microcapsule 
material, drug delivery system, etc. 

[0046] 

Application examples 

This invention is explained in more detail below by using application examples. 

[0047] 

Application Example 1 

In warm water at 35°C, 800 g of frozen egg white was left for defrosting, and after 
filtration through a 32 mesh filter, it was diluted 2.5 times with tap water, and it was adjusted to 
pH 6.8 with a 2 M solution of citric acid. The egg white solution prepared was filtered through a 
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42 mesh filter and centrifuged (7000 rpm X 10 min) to remove any precipitates formed after pH 
adjustment. The centrifiigation supernatant obtained was applied to electrodialysis 
(electrodialysis equipment: Model CS-O, Asahi Glass K.K., flow rate of 250 L/h and specified 
voltage: 14 V, electroconductivity of 950 nS/cm). To the dialyzed solution, 1 N and 6 N aqueous 
solutions of sodium hydroxide were added to adjust to pH 10. After heating in boiling water for 
30 min, the solution was cooled to a room temperature and filtered through a 100 mesh filter to 
obtain an egg white solution. The absorbance of the egg white solution prepared was 0.37 
(280 nm), and the egg white concentration was about 4%. 

[0048] 

In 800 mL of the prepared egg white solution, 3 g of gelatin (Nitta Gelaltin K.K., 
molecular weight of 15,000) was dissolved, the solution was made up to 1 L, and 1 N and 6 N 
sodium hydroxide solutions were added to adjust to pH 12. The solution mixture was 
subsequently heated to 45°C. On the other hand, 18.4 g of toluene diisocyanate was dissolved in 
300 g of chloroform, and the solution was added to the above solution mixture while being 
heated. Subsequently, after stirring for 2 h, the mixture was allowed to stand at room 
temperature, allowing it to separate into aqueous and chloroform phases. The aqueous phase was 
collected by centrifiigation (8000 rpm X 10 min). 

[0049] 

If this supernatant is adjusted to pH 4 with citric acid, the material of this invention was 
precipitated, and the mixture was centrifuged (10,000 rpm X 15 min). The material of this 
invention isolated was easily soluble in DMF, and if the solution was poured into water, protein 
precipitates were formed. The precipitates were freeze-dried to obtain a powder which was also 
soluble in DMF, and if the solution prepared was poured again into water, protein precipitates 
were formed again, 

[0050] 

Application Example 2 

Similarly to Application Example 1, 5-20 wt% of gelati n was added to the egg white to^ 
prepare the material of this invention. 



[0051] 

To 4 g of the material of this invention prepared, ionic [sic; deionized] water was added 
to make up to 1 L. While stirring, 1 N and 6 N aqueous solution of sodium hydroxide were added 
to adjust to pH 7 to dissolve the material' of this invention in water. To the solution prepared, 
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1 mL of a paprika coloring matter (emulsion of natural paprika, trade name: Paprika base 150 
manufactured by Sanei Kagaku Kogyo K.K.) was added, mixed, and after adjusting to pH 4 with 
a 2 M aqueous solution of citric acid, the mixture was allowed to stand at a room temperature to 
obtain the precipitates of the material of this invention with the paprika coloring matter adsorbed. 
After allowing to stand at room temperature for 2 h, the supernatant of the solution was used to 
measure absorbance (470 nm) to determine the residual quantity of the paprika coloring matter. 
The results obtained are shown in Table 1. 



[0052] 

For comparison, the same procedures as those used in Application Example 1 except no 
gelatin were carried out to obtain a functional protein material (that is, the material disclosed in 
the Japanese Kokai Patent Application No. Hei 4[1992]-53466), and the same subsequent 
procedures as those described above were carried out to determine the residual quantity of the 
paprika coloring matter. The results obtained are also shown in Table 1. 



[0053] 



Table 1 



10 
20 



0. 52 

0, 3 1 

0. 2 6 

0. 14 



Key: 1 Amount of gelatin on the amount of chicken egg white (%) 
2 Absorbance 

[0054] 

As is apparent from the results shown in Table 1, the higher the amount of gelatin added, 
the lower the residual quantity of the paprika coloring matter (the lower the absorbance). 
Therefore, the protective colloidal property of gelatin is considered to be exhibited, and it is 
presumed that the higher the amount of gelatin added, the higher the capacity of adsorption. 
Specifically, according to the process of this invention, it is possible to obtain a protein material 
having a function of being soluble in an organic solvent while retaining the original function of 
gelatin. 
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[0055] 

Application Example 3 

To 2.5 g of the material of this invention prepared in Application Example 1, ionic water 
was added to make up to 1 L, and 1 N and 6 N aqueous solutions of sodium hydroxide were used 
to adjust to pH 7 to dissolve the material of this invention in water. To the solution prepared, 1.5 
g of titanium dioxide (trade name: TAF-100, particle size: 0.05 ^im, manufactured by Fuji 
Titanium Kogyo K.K.) was added, supersonic and disperser treatments were carried out for 10 
min each to disperse the material of this invention and titanium dioxide, and subsequently, the 
dispersion was adjusted to pH 4 to cause the material of this invention with titanium dioxide 
adsorbed to precipitate. The precipitates were collected by centrifugation (10,000 rpm X 20 min) 
to obtain the material of this invention with titanium dioxide adsorbed. 

[0056] 

Incidentally, the supersonic generator used was a Branson 2200 (Yamato Kagaku K.K.), 
and the disperser used was an Ultradisperser, Model LK-22 (Y amato Kagaku K.K.) 

[0057] 

The material of this invention with titanium dioxide adsorbed was dispersed in ionic 
water, and ultraviolet absorption in the range of 200-400 run was determined. The results 
obtained are shown in Figure 1. As apparent from the results shown in Figure 1, the material of 
this invention with titanium dioxide adsorbed is found to show an ultraviolet absorption 
spectrum similar to that of titanium dioxide itself. Therefore, it is apparent that the material of 
this invention has titanium dioxide adsorbed. 

[0058] 

A pplication Example 4 

Nylon 66 chips were dissolved in formic acid by taking 1 day to obtain a 20% Nylon 66- 
formic acid solution (Solution A). Furthermore, the material of this invention prepared in 
Application Example 1 was also dissolved in formic acid to obtain a 3% functional protein- 
formic acid solution (Solution B). 

[0059] 

2 mL of the Solution B was added to 10 g of the Solution A, and the mixture was stirred 
to make a homogeneous mixture to obtain a solution of nylon containing about 3% of the 
material of this invention. The nylon solution prepared was spread on a flat glass plate and air- 
dried to disperse the solvent to obtain a white film having a weak tensile strength. 
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[0060] 

The white film prepared was pressed and heated by using an impulse sealer (trade name: 
Impulse Sealer, Model Fl-200-10w) to obtain a transparent nylon film having [a higher] tensile 
strength. The product prepared was found to possess a moisture-permeation property not found in 
a nylon only film. 

[0061] 

A pplication Example 5 

In warm water at 35°C, 800 g of frozen egg white was left for 8 h for defrosting, after 
filtration through a 32 mesh filter, it was diluted 2.5 times with tap water, and it was adjusted to 
pH 6.8 with a 2 M solution of citric acid. The egg white solution prepared was filtered through a 
42 mesh filter and centrifuged (7000 rpm X 10 min) to remove any precipitates formed after pH 
adjustment. 

[0062] 

The centrifugation supernatant obtained was applied to electrodialysis (electrodialysis 
equipment: Model CS-O, Asahi Glass K.K., flow rate of 250 L/h and specified voltage: 14 V, 
electroconductivity of 985 ^iS/cm). To the dialyzed solution, 1 N and 6 N aqueous solutions of 
sodium hydroxide were added to adjust to pH 10. After heating in boiling water for 30 min, the 
solution was cooled to room temperature and filtered through a 200 mesh filter to obtain an egg 
white solution having an absorbance of 0.386 (280 nm). The solution was diluted and adjusted to 
pH 12. The absorbance of the diluted egg white solution prepared was 0.163 (280 nm). 

[0063] 

In 400 mL of the diluted egg white solution prepared, 7 g of whey protein (trade name: 
DF-WPC, manufactured by Meiji Nyugyo K.K., partially skimmed whey protein) was dissolved, 
and the solution was adjusted again to pH 12. The absorbance in the case was 0.328 (280 nm). 
The mixture was heated to 45°C, 7 g of toluene diisocyanate and 300 g of chloroform were 
added, and the mixture was stirred for 2 h. After standing at a room temperature to allow the 
mixture to separate to aqueous and chloroform phases, the aqueous phase was collected. The 
aqueous phase collected was adjusted to pH 4 by adding citric acid to allow the material of this 
invention to precipitate, and the precipitates were collected by centrifugation (10,000 rpm X 
30 min) to obtain the material of this invention. 
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[0064] 

The material of this invention isolated was easily soluble in DMF, and if the solution was 
poured into water, protein precipitates were formed. The precipitates were freeze-dried to obtain 
a powder which was also soluble in DMF, and if the solution prepared was poured again into 
water, protein precipitates were formed again. 

[0065] 

A pplication Example 6 

The solubility in a solvent (DMF) was examined for the material of this invention 
prepared from chicken egg white and gelatin in Application Example 1, material of this invention 
prepared from chicken egg white and whey protein in Application Example 5 and material 
prepared from chicken egg white alone (Application Example 2). The results obtained are shown 
in Table 2. 



[0066] 



Table 2 
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Key: 1 Raw material 

2 Chicken egg white + whey protein 

3 Chicken egg white + gelatin 

4 Chicken egg white 

5 Material concentration 

6 Solubility 

7 Becoming opaque and gelated in 2 days after dissolution 

8 Becoming opaque and gelated in 2 days after dissolution 

9 Becoming opaque and gelated in 2 h after dissolution 



[0067] 

As apparent from the results shown in Table 2, the concomitant use of two kinds of 
proteins allows the solubility of the protein material prepared in organic solvent to increase. 
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[0068] 

Application Example 7 

Ionic water was added to 4 g of the material of this invention prepared in Application 
Example 5 to make up to 1 L, and 1 N and 6 N aqueous solutions of sodium hydroxide were 
added while stirring to dissolve the material of this invention. To the solution prepared, 1 mL of 
Paprika coloring matter (Paprika Base 150) was added, mixed, adjusted to pH 3.3 by adding a 
2 M citric acid solution, and the mixture was allowed to stand at room temperature to obtain 
precipitates of the material of this invention with the paprika coloring matter adsorbed. II 

[0069] 

Application Example 8 

In warm water at 35°C, 800 g of frozen chicken egg white was placed to thaw, the thawed 
egg white was filtered through a 32 mesh filter, diluted 4 times with tap water and centrifuged 
(7000 rpm X 10 min), and it was adjusted to pH 12. To 40 mL of the diluted egg white solution 
prepared, 7 g of whey protein (trade name: DF-WPC, manufactured by Meiji Nyugyo K.K., 
partially skimmed whey protein) was dissolved, and the solution was adjusted again to pH 12. 
The absorbance in the case was 0.355 (280 nm). 

[0070] 

The mixture was heated to 45°C, 7 g of toluene diisocyanate and 300 g of chloroform 
were added, and the mixture was stirred for 2 h. After standing at a room temperature to allow 
the mixture to separate into aqueous and chloroform phases, the aqueous phase was collected and 
centrifuged (8000 rpm X 10 min) to remove any impurities. The aqueous phase collected was 
adjusted to pH 3.5 by adding citric acid to allow the material of this invention to precipitate, and 
the precipitates were collected by centrifugation (8000 rpm X 10 min) to obtain the material of 
this invention. The material of this invention was found to be easily soluble in DMF and 
insoluble in water. 

[0071] 

A pplication Example 9 

The same procedures as those used in Application Example 8 except that the mixture of 
7 g of toluene diisocyanate and 300 g of chloroform in Application Example 8 was substituted 
with 10 g of toluene diisocyanate alone to obtain the material of this invention easily soluble in 
DMF but insoluble in water. 
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Brief description of the figure 

Figure [1] is a drawing showing an ultraviolet absorption spectrum of an aggregate of the 
material of this invention and titanium dioxide in the range of 200-400 nm. 
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Figure 1 . Ultraviolet absorption scanning in the range of 200-400 nm 
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